The composition of the essential oils hydrodistilled from the aerial parts of five Achillea biebersteinii Afan samples, collected in central Turkey from Konya, Isparta and Ankara, were analyzed both by gas chromatography (GC-FID) and gas chromatography-mass spectrometry (GC-MS). Eighty-four components were identified, representing 87 to 99% of the total oil composition. The identified major components were 1,8-cineole (9-37%), camphor (16-30%) and p-cymene (1-27%). Two samples differed in piperitone (11%) and ascaridol (4%) content. The five A. biebersteinii essential oils were subsequently evaluated for their antifungal activity against the strawberry anthracnose-causing fungal plant pathogens Colletotrichum acutatum, C. fragariae and C. gloeosporioides using the direct overlay bioautography assay. The essential oils showed no antifungal activity at 80 and 160 µg/spot. In addition, A. biebersteinii oils and their major compounds were subsequently investigated against Aedes aegypti first instar larvae in a high throughput bioassay. Among the oils, only one sample from Ankara showed a notable larvacidal effect on Ae. aegypti larvae. The major compounds, 1,8-cineole, camphor and p-cymene, exhibited low mosquito larval activity, and thus the minor compounds are probably responsible for the observed activity against Ae. aegypti larvae. The oils showed weak activity against adult Ae. aegypti.
The genus Achillea L. (Asteraceae) is represented by about 115 species found in the Northern Hemisphere, mostly in Europe and Asia, and commonly known as yarrows [1] [2] [3] . The genus name Achillea may have been derived from Achilles of Greek mythology and its historical reputation for healing wounds made it popular among the military and this association led to many of its common names: knight's milfoil, herba milifaris, staunch weed, soldiers' bloodwort and nosebleed [2, 3] . Antimicrobial, antioxidant, antiinflammatory, spasmolytic, antidiabetic, antiulcer, antitumor, choleretic and hepatoprotective activity, and cytotoxic effects of different Achillea species have been previously reported [3] [4] [5] [6] [7] [8] [9] . Phytochemical studies carried out on Achillea essential oils have identified sesquiterpene lactones, flavonoids, alkaloids, lignans, triterpenes alkamides and polyacetylenes [3, 4] . Achillea essential oils and sesquiterpene lactones have been studied by a number of investigators, but never evaluated for their potential as agrochemicals [3, 4, 8, 10, 11] . Terpenoids (1,8-cineole, camphor, bomeol, pinenes, artemisia ketone, santolina alcohol, farnesane, caryophyllene and its oxides, -bisabolol and oxides, cubebene, germacrenes, eudesmol, farnesene, -gurjunene, -muurolene and chamazulene) are the principle components of Achillea essential oils [3, 4] . Yarrow's healing power is mainly attributed to proazulenes, and so the chemical composition of yarrow oils has been investigated by several research groups in different countries [4, 6, 8, 10, 11] [14] .
This study evaluated the use of A. biebersteinii essential oils for fungicidal activity and for toxicity against Aedes aegypti L. larvae and adults. The essential oils obtained by water distillation from aerial parts of A. biebersteinii were collected from five different geographical locations in central Turkey ( Table 1 ). The chemical composition was determined by GC-FID and GC-MS. A total of 84 compounds were identified, representing from 87% to 99% of the total oils ( Piperitone was a major constituent of sample C (10.9%), but was not detected in the other four samples ( Table 2) . Sample E was collected from Isparta in southwestern Turkey, and its chemical profile was similar to that of sample D; 1,8-cineole (34.3%), camphor (21.7%) and p-cymene (13.4%) were the main components. As far as we know, this is the first report on the essential oil composition of A. biebersteinii from the Konya and Isparta regions.
The chemical compositions of A. biebersteinii essential oils reported from different geographic regions [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] are summarized in Table 3 . Monoterpenes, with quantitative and qualitative differences, represented the largest group in these previous reports [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , an exception being one sample from Iran, which was found to be rich in the sesquiterpene, spathulenol.
Rahimmalek et al. [21] reported a high level of spathulenol and a high essential oil yield, which might be due to a soil characterized by an accumulation of CaCO 3 . The differences in oil composition may be attributed to different environmental factors, plant genetic type, seasonality, physiological age, and developmental stage.
The antifungal activity of A. biebersteinii oils was evaluated against the plant pathogens Colletotrichum acutatum, C. fragariae, and C. gloeosporioides. No activity was observed using direct bioautography assay with spot applications of 80 and 160 g/spot. Therefore, not further antifungal studies were warranted.
In searching for new forms of mosquito control, the five A. biebersteinii essential oils were tested against Ae. aegypti in a high throughput larval bioassay and adult toxicity test. Oils were evaluated in a dose-dependent manner at 500, 250, 125, 62.5 and 31.25 ppm (Table 4 ). Percent mortality was determined for the evaluated compounds using the first instar larvae of Ae. aegypti. All samples showed 100% mortality at 500 ppm, but only two (D and E) gave 100% mortality at 125 ppm. Sample B was the only active sample resulting in 20% mortality at 62.5 ppm, whereas the other samples were inactive at the same concentration. The difference in toxicity of sample B on A. aegypti could be due to either qualitative and/or quantitative variations in the essential oil constituents. In order to test whether the major compounds of A. biebersteinii oils were responsible for the larvicidal activity, 1,8-cineole, p-cymene and camphor were evaluated for their larvicidal effects. 1,8-Cineole produced 63.4% ± 0.58 mortality at 500 ppm and 40% ± 0 mortality at 250 ppm, camphor 50.0% ± 0.71 mortality at 250 ppm and 20% ± 0 mortality at 125 ppm, and p-cymene 90% ± 0.71 mortality at 125 ppm and 0% ± 0 mortality at 62.5 ppm. These pure compounds independently showed significantly weaker larvicidal activity than the unfractionated essential oil, suggesting that minor compounds are probably the active principles responsible for the observed Ae. aegypti larvicidal activity. The five A. biebersteinii essential oils were also tested on adult mosquitoes. Three samples (A, D and E) exhibited 10% mortality at 3.1 μg/0.5μL concentration against Ae. aegypti. No adult mortality was observed for B and C samples at this same screening rate. On the basis of these results, A. biebersteinii essential oils did not appear to possess insecticidal compounds active at useful concentrations against mosquitoes. Essential oils have not received as much attention for use as natural sources of potential biopesticides with low mammalian and environmental toxicity. Unfortunately, our data indicated that A. biebersteinii does not appear to have potential for agrochemical applications as either an antifungal or insecticidal agent.
Experimental
General: 1,8-Cineole (99%, Aldrich-Sigma, St., Louis, MO), ± camphor (99%, Aldrich-Sigma, St., Louis, MO), p-cymene (96%, Aldrich-Sigma, St., Louis, MO), and fungicide technical grade standards benomyl, cyprodinil, azoxystrobin, and captan (Chem Service, Inc. West Chester, PA) were purchased from commercial sources [27, 28] .
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Samples: Achillea biebersteinii was collected from different localities in central Turkey (Table 1) . Voucher specimens are kept at the Herbarium of the Faculty of Pharmacy, Gazi University in Ankara, Turkey.
Isolation of the essential oils:
The essential oils from airdried plant materials were isolated by hydrodistillation for 3 h, using a Clevenger-type apparatus according to the method recommended in the European Pharmacopoeia [29] . The obtained oils were dried over anhydrous sodium sulfate and stored at +4°C in the dark until analyzed and tested.
GC/FID and GC/MS conditions:
The chemical composition of A. biebersteinii oils was analyzed by capillary GC and GC/MS using an Agilent GC/MSD system. The same column and analysis conditions were used for both GC and GC/MS.
The GC/MS analysis was carried out with an Agilent 5975 GC/MSD system. A Hewlet Packard-Innowax FSC column (60 m x 0.25 mm, 0.25 m film thickness) was used with helium as carrier gas (0.8 mL/min). The GC oven temperature was kept at 60C for 10 min and ramped to 220C at a rate of 4C/min, then held constant at 220C for 10 min with a final programmed ramp to 240°C at a rate of 1°C/min, and held a second time at 240C for 20 min. Split ratio was adjusted at 40:1. The injector temperature was at 250C. The mass spectrometer was operated with an electron energy of 70 eV. Mass spectra were acquired with the instrument set to scan from m/z 35 to 450 at a scan rate of 3.46 scans/s. The GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300C. In order to obtain the same elution order with GC/MS, simultaneous injection was done using the same column and appropriate operational conditions.
Identification of the essential oil components was carried out either by comparison of their relative retention times with those of authentic samples or by comparing their relative retention index (RRI) to a series of n-alkanes.
Computer matching was also used for the identification of compounds using as references Wiley and MassFinder 3.1 [30, 31] , an in-house "Başer Library of Essential Oil Constituents" composed of genuine compounds and components of known oils, and MS literature data [32] [33] [34] .
Relative concentrations of the separated compounds based on percentage were computed from FID chromatograms.
Direct bioautography assay:
Detection of naturally occurring antifungal agents was used to evaluate the antifungal activity of A. biebersteinii essential oils against Colletotrichum fragariae, C. acutatum and C. gloeosporioides using direct bioautography procedures [35, 36] . One-dimensional thin-layer chromatography (1D TLC) was subsequently used to purify and identify the antifungal agents in the extracts. The sensitivity of each fungal species to each test compound was determined by comparing the sizes of the inhibitory zones. Each plate was subsequently sprayed with a spore suspension (10 5 spores/mL) of the fungus of interest and incubated in a moisture chamber for 4 days at 26°C with a 12 h photoperiod. Fungal growth inhibition was evaluated 4-5 days after treatment by measuring zone diameters. Bioautography experiments were performed multiple times using both dose-and non-dose-response formats. Fungicide technical grade standards benomyl, cyprodinil, azoxystrobin, and captan were used as controls at 2 mM in 2µL of EtOH.
Mosquito larvae and adult mosquito assays:
Larval bioassays were performed as described in [37, 38] . Briefly, five Ae. aegypti first instar larvae were placed in individual wells of a 24-well plate containing 950 µL deionized water and 40 μL of larvae food solution, and 10 μL of either DMSO (control) or 10 μL of serially diluted test compound. After 24 h, the number of dead larvae was recorded. Serial dilutions were continued until 0% mortality was observed for each chemical. Larval mortality was recorded after 24 h of exposure. The larval assays were repeated several times on different days with 6 concentrations providing a range of 0-100% mortality. Controls included negative (untreated), carrier (DMSO), and positive (permethrin).
For assays against mosquito adults, stock chemical solutions prepared as above were diluted in acetone to a final concentration of 6.25 µg/µL. Ten adult A. aegypti female mosquitoes, 3-5 days post-eclosion, were coldanaesthetized and placed on a BioQuip chill table (Rancho Dominguez, CA) set at 4°C. The test chemical (0.5 µL) was applied to the dorsal thorax of each insect using a #1702 Gas-tight Hamilton syringe mounted on a Hamilton PB600 repeating dispenser (Reno, NV), with a final dose of 3.12 µg per insect. For any chemical producing 50% or greater mortality, a second assay was performed using 1.56 µg per insect. After treatment, mosquitoes were placed in 3.5-oz plastic cups containing 10% sucrose solution and maintained at 28°C and 80% relative humidity. Controls included negative (untreated), carrier (DMSO-acetone), and positive (permethrin).
